Purpose We examined cancer survivors' experience of bothersome symptoms, association of symptom bother with health-related quality of life (HRQOL), survivors' perception of symptom care, and their symptom-related information needs. Methods Using self-report survey measures, survivors of leukemia, bladder, or colorectal cancer who were 2-5 years postdiagnosis and received follow-up care in the past year (N =623) provided information about the presence of bothersome symptoms, symptom-related information needs, adequacy of symptom-related care, and their physical and mental HRQOL. Multivariable statistical analyses were conducted to identify correlates of symptom bother, inadequate care, and symptom information needs and to examine the association between symptom bother and HRQOL. Results Twenty-eight percent of the 606 respondents experienced symptom bother in the past year (46 % of leukemia, 24 % of bladder, and 26 % of colorectal cancer survivors).
Introduction
Advances in cancer treatment have led to a growing number of individuals surviving well beyond diagnosis. However, many survivors experience significant psychological distress as well as an array of long-term and late physical effects of treatment [12, 17, 39] . Prevalence estimates of bothersome symptoms among survivors vary depending upon cancer site, time from diagnosis, and the symptom measures used, making it challenging to gauge the scope of the problem. Symptoms also vary in terms of type, frequency, severity, associated interference and distress, and patterns of co-occurrence [6, 15] .
Survivors reporting symptoms may be ill-equipped to manage these symptoms, in part due to sub-optimal communication with or low perceived quality of care received from healthcare providers [40] . Effective symptom management is critical to reduce the emotional distress and interference with usual function that often accompanies the symptom experience [17] . Most research has focused on symptom care during or shortly after the conclusion of treatment [8, 15, 34] ; very little research has examined a longer survivorship period [37] . Furthermore, most research on the symptom experience in survivors has focused predominantly on breast cancer [32] .
The aim of this analysis was to examine the prevalence of bothersome symptoms and the adequacy of symptom care in a population of adult survivors who had been treated for leukemia, bladder, or colorectal cancer. These three cancer subpopulations have been understudied with respect to the symptom experience, and there is a critical gap in our understanding of their symptom management needs. We first modeled factors hypothesized to be associated with survivors' experience of bothersome symptoms. We then described the symptoms most commonly reported and examined the association between symptom experience and survivors' health-related quality of life (HRQOL). To identify areas for intervention, we evaluated factors associated with receipt of inadequate symptom care from physicians and whether inadequate symptom care was associated with higher symptom information needs.
Methods

Study design
We analyzed cross-sectional survey data collected in [2003] [2004] as part of the Assessment of Patients' Experience of Cancer Care (APECC) study of cancer survivors diagnosed with leukemia, bladder, or colorectal cancer 2-5 years prior to the study [2] . The APECC study recruited survivors from the Greater Bay Area Cancer Registry in northern California, which is part of the national Surveillance, Epidemiology, and End Results (SEER) program. Eligible participants (a) were diagnosed with a first primary malignancy (leukemia, bladder, or colorectal cancer) between June 1, 1999 and May 31, 2001, (b) were at least 20 years old at diagnosis and able to read English, (c) had not received an additional cancer diagnoses between their initial diagnosis and the beginning of the study, and (d) had no contraindications to participation identified by their treating physician [2] .
The three cancer sites were selected to represent common cancers applicable to men and women across a broad age range. A total of 774 survivors provided data, and of those, 623 (80 %) received follow-up care in the past 12 months and reported on the presence of bothersome symptoms, the adequacy of symptom-related care they received from their physicians, perceived symptom-related information needs, and perceptions of health-related quality of life (HRQOL). Of the 623 participants who reported follow-up care, 17 individuals had data missing on covariates and were thus excluded from analyses. Participant consent was included as part of the survey, and the study was approved by the Institutional Review Board of the Cancer Prevention Institute of California. Additional details on the APECC study are reported elsewhere [2] .
Measures
We collected self-reported information on survivors' sociodemographic characteristics: gender, age at diagnosis, race/ethnicity, education, employment status, income, marital status, health insurance status, and residence in a medically underserved area (based on whether participants had been treated at a county hospital and/or yes to at least one of the following two census block variables: >25 % of the population living below the poverty line or ≥75 % of the adult population without a high school degree). The following clinical characteristics were also collected: cancer site, number of comorbidities, years since diagnosis, type of treatments received and cancer status, and follow-up care related variables (receipt of follow-up care in the previous 12 months, number of physician visits in the past 12 months, the specialty of the physician who provided the majority of their follow-up care, and length of relationship with the follow-up care physician).
Symptom bother
The survey contained a single item about the presence of symptom bother, asking, "In the last 12 months, were you bothered by symptoms or treatment-related side effects?" Participants could respond yes or no, and if yes, they were asked to describe one or more of the symptoms/side effects they had been experiencing.
Symptom care
Of those who reported symptoms, participants were asked two additional questions regarding the quality of symptom care they received from their follow-up care doctor. They were asked how often in the last 12 months their followup care doctor gave the help they wanted to take care of their symptoms or side effects and how often the doctor gave clear instructions on what to do if symptoms or side effects recurred or worsened. Both items employed a four-point response scale ranging from "never," "sometimes," "usually," or "always." Cronbach's alpha revealed good internal consistency between these two items (α=0.80). We considered symptom care to be adequate if participants indicated that they usually or always received the help they wanted, and always received clear instructions about what to do if symptoms recurred or worsened. Since our aim was to examine predictors and consequences of inadequate symptom care, consistent with other investigations [3] , we reasoned that if respondents experiencing symptoms never or only sometimes received help with symptoms and did not always receive symptom information, that this evaluation reflected significant unmet need with regard to symptoms and thus suboptimal care.
Symptom-related information needs
The presence of symptom-related information needs was determined with the following question: "at this time, do you feel you need more information about any of the following cancer-related topics?" Symptom topics included needing information on: symptoms that should prompt a call to the doctor, long-term and late effects of cancer treatment that might be expected, and dealing with long-term and late effects of treatment. Cronbach's alpha among these three items was high (α = 0.82). Response choices items included needing no more information, some more information, and much more information [5, 25] . Symptom information needs were considered unmet if respondents indicated they needed "much more information" about at least one of the three topics.
Health-related quality of life (HRQOL) HRQOL was measured using version 2 of the Short-Form-36 (SF-36 v2®) health survey [41] , Physical and mental component summary scores (PCS and MCS) are normed on a T-score metric based on 1999 norms such that a score of 50 and standard deviation of 10 represents an average score for the general US population. Higher scores reflect better HRQOL [42] . Minimally important differences for the PCS and MCS were considered to be least a 2-point difference [21] .
Data analyses
We utilized multivariable logistic regression to examine sociodemographic and clinical factors associated with survivors' experience of bothersome symptoms. Next, we used multivariable linear regression to determine if being bothered by symptoms was associated with lower PCS and MCS scores, after adjusting for sociodemographic, clinical, and follow-up care related factors. Finally, we conducted two additional multivariable logistic regression models to examine, among survivors reporting symptoms, sociodemographic, clinical, and follow-up care related factors associated with inadequate symptom care as well as unmet symptom information needs. The latter model also examined the association between inadequate symptom care and unmet information needs, after adjusting for covariates. Given their association with cancer patients' care and treatment experiences documented in prior studies, we included age at diagnosis, sex, race/ethnicity, cancer site, and comorbidities. We also included as a predictor whether participants had experienced a cancer recurrence, since it is increasingly recognized that disease recurrence/ progression is an important concern as survivors live longer following the successful completion of initial treatment. In addition, having recently received anticancer treatment was associated with the disease recurrence (r =0.45), and thus, disease recurrence was also included to account for the anticipated effects that it might have on symptom experience and symptom management needs. Multicollinearity between other independent variables was assessed further by examining spearman rank correlations, which revealed no other correlations above 0.4. For other covariates, we included a parsimonious set of additional sociodemographic, clinical, and follow-up care related variables if they were associated with the dependent variable at p <0.20 in the univariate analyses.
Responses to the open-ended question about what symptoms were currently experienced as bothersome were summarized using content analysis and simple descriptive statistics. Symptom categories, generated inductively after review of the survey responses and guided by author expertise (SAM), were created by two of the study co-authors (EEK and SAM), and survey responses were independently coded. Inter-rater reliability between coders was high (Cohen's kappa=0.85) and remaining discrepancies were resolved by an additional blinded coauthor (NKA). Distributions of the most common symptoms were examined visually to look for a natural breakpoint in frequency and displayed by cancer site.
Results
A total of 606 survivors (n =84 leukemia, n =161 bladder, and n =367 colorectal cancer survivors) completed information on symptom bother. Sample characteristics are presented in Table 1 . Twenty-eight percent of the sample (n =171, 46 % leukemia, 24 % bladder, and 26 % colorectal cancer survivors) reported experiencing bothersome symptoms in the past year. Of these, 158 (92.4 %) listed specific symptoms which were coded into 58 unique non-overlapping symptom categories. Figure 1 shows the distribution of the most commonly reported symptoms (reported by 10 or more respondents) by cancer site. The median number of symptoms per survivor was 1 (range 1-3) for bladder cancer, 1 (range 1-7) for colorectal cancer, and 2 (range 1-7) for leukemia survivors. The most commonly reported symptoms, by cancer site, were urinary symptoms and procedural pain for bladder cancer survivors, diarrhea and abdominal pain for colorectal cancer survivors, and fatigue and nausea for leukemia survivors. Table 2 presents results of the multivariable logistic regression model examining factors associated with symptom bother, which accounted for 20 % of the variance. Hispanic survivors were 2.8 times (OR=2.77, 95 % CI 1.35-5.66) more likely to report symptom bother than non-Hispanic white survivors. Survivors reporting extremely low household income (<$20,000) were also more likely to report symptoms (OR=3.65, 95 % CI 1.67-8.01) than those in the highest income category ($100,000+). Survivors who had experienced a recurrence were more likely to experience bothersome symptoms than those who had not had recurrence (OR=7.91, 95 % CI 4.57-13.69). Finally, those who had undergone a combination of radiation and/or chemotherapy vs. receiving surgery alone were also more likely to report symptom bother (OR=3.82, 95 % CI 1.45-10.11).There was no significant difference in likelihood of reporting symptom bother by age, gender, education, living in a medically underserved area, cancer site, or number of comorbidities (all p >0.05). HMO health maintenance organization a The Other category in race/ethnicity consists of Non-Hispanic Blacks (n =29), Non-Hispanic American Indians or Alaskan Natives (n =12), and Non-Hispanic Pacific Islanders (n =1), who were all grouped together because of small numbers Symptom bother and health-related quality of life Of the 171 survivors who report being bothered by symptoms, (157) 92 % also discussed their symptoms with their followup doctor in the last 12 months. Of these, 82 (52 %) indicated that they received inadequate symptom care. Although the model accounted for 17 % of the variance explained, none of the examined factors in the multivariable logistic regression model (see Table 4 ) were significantly associated with inadequate care.
Symptom bother
Symptom information needs
Survivors reporting inadequate symptom care were also more likely to report unmet symptom information needs, and the effect remained marginally significant after adjustment for other variables in the multivariable logistic regression model (OR=2.55, 95 % CI 1.00, 6.54; see Table 5 ). 
Discussion
Symptom bother
More than one in four respondents in this population-based study of survivors of leukemia, bladder, and colorectal cancer reported experiencing symptom bother 2-5 years postdiagnosis. This prevalence is comparable to that noted in a previous study documenting symptom burden in survivors' 1-year post-diagnosis [37] . Our study results replicate those of other investigators in noting that younger survivors [8] , Hispanic survivors [18] , those with lower household income [37] , and those who experienced a recurrence [18] were the most likely to report symptom bother. A wide range of symptoms was reported by survivors in our study, and it is not clear whether these reflect diseaserelated symptoms, persistent effects of treatment, late treatment effects, or comorbidities not related to cancer or its treatment. The prominence of distinct and clinically interpretable symptom profiles by cancer site in our sample is consistent with the observations of other investigators, who have noted fatigue in leukemia survivors [36] , abdominal pain [22] and diarrhea [35] in colorectal cancer survivors, and urinary symptoms in bladder cancer survivors [23] . Procedural pain also emerged as a prominent symptom for several participants in our study, most notably bladder cancer survivors. At the same time, it important to point out that many of the symptoms reported by our participants may be distinct to survivors of leukemia, colorectal or bladder cancer; survivors with other tumor sites may experience a different profile of symptoms. Consistent with prior studies, cancer survivors who experienced symptom bother also reported statistically and clinically worse HRQOL than those who did not [15, 23, 37] .
Symptom care
One in two survivors reporting symptom bother also reported inadequate symptom care. However, we did not find significant correlates of inadequate care, suggesting that provision of suboptimal symptom management during the post-treatment phase may be a systemic issue that is likely to have an impact on survivors of different sociodemographic backgrounds and clinical characteristics. In a study of advanced cancer patients in Europe, one of the factors associated with inadequate symptom management was provider underestimation of symptom intensity [26] . Given an understandable focus on primary disease and treatment, providers may under-prioritize comprehensive symptom assessment [17] or may not be fully aware of available treatment options [9] . Evidence suggests, however, that electronic data collection of patient-reported outcomes is feasible and adds value to the clinical consultation [38] ; it has also been show to have a positive effect on symptom management among cancer survivors [7] . Survivors in our study who received inadequate symptom care were also more likely to report unmet symptoms-related information needs, suggesting that in part, providing resources and plans for survivors to help self-manage their symptoms could improve outcomes. Effective management of symptoms and side effects can be achieved through engaged communication with follow-up care providers and evidence-based symptom management [13] . Problem-solving approaches, based on cognitive-behavioral therapy to help reframe symptoms as challenges, may aid survivors in reducing anxiety and distress that often accompany symptom onset as well as in engaging survivors in a plan to reduce the toll that symptoms take [28] . Evidence from clinical trials conducted with cancer survivors using mindfulness-based stress reduction [29] , cognitive-behavioral therapy to reduce memory impairment [31] , and exercise to manage cancer-related fatigue [33] , demonstrate that improvements in symptom control are attainable for many survivors. In addition, strategies to improve symptom care through lifestyle modification including changes in diet and exercise have been shown to be effective [34] .
The lack of systematic screening for symptoms among cancer survivors in clinical settings limits our understanding of the prevalence of particular symptoms, restricts exploration of the relationship between patient and clinical characteristics and symptom burden, and impedes appropriate triage and effective interdisciplinary symptom management [15, 17] . Most of the research-tested interventions to improve outcomes for survivors have focused on women with breast cancer, and our results suggest that research to develop and refine interventions for survivors of other solid tumor sites and for leukemia survivors is warranted [19] . Our results also suggest that there is also a need to develop and refine targeted interventions for urinary and bowel symptoms, and abdominal pain. These are symptoms for which fewer intervention approaches have been tested in cancer survivors, and the results of a recent survey further emphasize the need to develop and disseminate resources for bladder cancer survivors [27] . Our observation that some symptom distress is procedurally related also appears to be a novel finding that warrants focused study. Our study adds evidence that inadequate patient-provider communication about symptoms is likely to be a significant barrier to effective symptom management [45] . Survivorship-based programs and clinics, survivorship care planning, as well as navigation services, supportive care, and case management can help improve patient-provider communication as well as communication between providers, particularly during the transition from active treatment to survivorship [14, 16, 30] . Of note, only 8.9 % of participants in our sample reported seeing a primary care physician as their follow-up care provider, which may reflect preferences to receive follow-up from cancer specialists [24] rather than primary care providers, and suggests the need to strengthen communication and care coordination between primary and oncology care [20] .
Several caveats should be considered in interpreting our study results. While our sample was population-based and drawn from an ethnically diverse region, the sample size for Asians, Pacific-Islanders, and African Americans was small (although proportionate to the population), making it difficult to draw conclusions specific to these subgroups of survivors. The cross-sectional nature of our study limits our ability to make causal inferences about our findings. The ability of some survivors to recall their symptom experience over the past 12 months (the typical duration for many patient experience studies) may be limited. Considering the variability in symptom prevalence and characteristics across cancer sites, as evidenced by our results and those of other investigators, our findings may not generalize to survivors of other cancers. Our observations that there may be unique symptom management needs associated with differing cancer sites and the breadth of the symptoms reported by our participants underscore the importance of a sitespecific approach to symptom screening, evaluation and management and suggest that focused and comprehensive study of the symptom experience in survivors of leukemia, bladder, and colorectal cancers is warranted. Although our study utilized a single-item measure for assessing symptom bother, three arguments support our assumption that our item captured symptom bother well: (a) the inclusion of the phrase "bothered by symptoms" in the question, (b) the high percentage (92 %) of participants who both reported bothersome symptoms and who discussed their symptoms with their follow-up care doctor, and (c) the high percentage (92.4 %) who also described specific symptoms. Future research should make use of nowavailable tools to measure symptom bother that have wellvalidated psychometric properties.
Conclusions
Although many cancer survivors report HRQOL comparable to individuals without a cancer history [44] , in our study, a notable proportion of survivors of leukemia, bladder, and colorectal cancer reported symptom bother and unmet supportive care needs months or years beyond their cancer diagnosis. Effective screening, evaluation and management of symptoms, and patient-provider communication about symptoms are essential components of survivorship care quality. Our results support a conclusion that survivorship care planning for individuals with leukemia, bladder, and colorectal cancer is needed to address the symptom experience, and should include tailored, periodic symptom screening with aggressive interdisciplinary symptom management interventions offered as clinically indicated [1, 10, 37, 46] . Our study also suggests the need for directed and systematic studies of symptom experiences in post-treatment cancer survivors. An ongoing dialogue between survivors and their providers that both assess symptoms and updates management strategies to reduce symptom bother and improve HRQOL in cancer survivors.
